. Both experimental studies and clinical trials have shown that BMSC transplantation leads to significant improvement of cardiac function via paracrine effects and possible myogenesis [3, 4] . However, the efficacy of cell therapy is limited by the poor survival of implanted cells. Massive cell death occurs in the first few days after transplantation owing to the 'hostile' milieu of infarcted myocardium [5, 6] . Although several strategies, such as heat shock [7, 8] , gene modification [9] [10] [11] 
Introduction
precondition [12, 13] , have shown encouraging results in terms of donor cell survival, direct interventions to stem cells could generate safety considerations for their clinic application [14] . Thus, alternative precondition modalities to sustain cytoprotection in early stage after cell transplantation are desired. [15] . [16, 17] . It has been reported that LLLI could reduce the myocardial scar size as well as act as a favourable influence on myocardial remodelling after myocardial infarction (MI) [17] [18] [19] [20] . Moreover, a preliminary observational study in patients with advanced multivessel coronary artery disease indicated that LLLI might improve functional capacity and clinical symptoms [21] .
Low-level laser irradiation (LLLI) has been applied for over 30 years in clinical medicine

Unlike the higher powered lasers, such as transmyocardial revascularization (TMR), LLLI does not deliver power to damage tissue, but it does deliver adequate energy to activate distinct heat-independent biostimulation effects, such as anti-inflammation, microcirculation improvement and cardioprotection
Considering the above facts, we suggested that LLLI precondition might be a feasible and effective approach to remodel the hostile milieu of infarcted myocardium and to subsequently enhance early survival and therapeutic potential of transplanted BMSCs. Therefore, in this study we wanted to address: (1) whether LLLI pre-treatment changes the local cardiac microenvironment after MI and (2) whether the LLLI preconditions enhance early cell survival and thus improve therapeutic angiogenesis and heart function.
Materials and methods
Animals
The study was performed in accordance with both the guidelines of the 'Regulation to the Care and Use of Experimental Animals ' (1996) [22] . Briefly 
Creation of myocardial infarction model and groups
MI was induced in female rats by permanent ligation of the left anterior descending (LAD) artery
Cell survival with laser precondition study BMSC preparation and labelling
BMSCs were isolated from male donor rats and cultured as previously reported [24] . 
Cell transplantation
The infarcted rat heart was exposed through the original thoracotomy incision under anaesthesia, and the intramyocardial injections were performed at a single site in the border zone of MI [22] 
Evaluation of left ventricular function
Results
Effect of LLLI precondition on expression of VEGF and GRP78, the activity of SOD and the production of MDA in the infarcted myocardium As shown in Fig. 2 
Effect of LLLI precondition on the survival of implanted BMSCs
We generated the standard curve by serially diluting rat male genomic DNA prepared from male BMSCs and quantified SRY gene by using real-time PCR. Threshold cycles of SRY gene in male BMSCs have a good relation with gradually diluted cells (Fig. 3A and 3B) , R 2 ϭ 0.9994. As shown in Fig. 3D, at 1 
Effect of LLLI precondition on implanted BMSC apoptosis and myogenic differentiation
As shown in Fig. 4, at 1 (Fig. 5) . (Fig. 6A-H [26] . Similarly, the percentage of donor cells in the heart decreased rapidly from 34-80% of injected cells at 0 hr to 0.3-3.5% at 6 weeks [5] . Besides cell escape from the injection site, the infarcted myocardial milieu in settings of matrix detachment, ischemia and inflammation is even more 'hostile' to implanted cells [27, 28] . After cell transplantation, the grafted cells will face the great challenge of such a hostile environment which they may not survive. [33, 34] . Meanwhile, LLLI significantly reserved the activity of SOD and decreased the production of MDA in the infarcted myocardium. Levels of oxidative stress are elevated in chronic failing hearts, which resulted in the development of heart failure and antioxidant therapies could improve cardiac function against heart failure [35, 36] . A previous study has demonstrated that superoxide played a causative role in the initial graft death and co-injecting the free radical scavenger SOD, CuZn-SOD, with skeletal myoblasts yielded a 2-fold increase in graft survival 3 days after engraftment [37] . Therefore, LLLI precondition has a mitigating influence on the deleterious effects of the free radicals in the infarcted myocardium. Our findings are mainly in agreement with recent study by Zhu et al. [38] , who observed that LLLI at 660 nm wavelength improved functional recovery of the cold-stored rat heart possibly via conservation of ATP and antioxidant enzyme activity. Although there is strong evidence of cardioprotective effects of LLLI, the underlying mechanisms remain unclear. These beneficial effects are most likely mediated through increasing ATP synthesis [17] and antioxidative enzyme activity [18] , elevating shock proteins content [19] and enhancing expression of VEGF and inducible nitric oxide (iNOS) [20] [3, 39] . Because the present study focused on the cell early survival, we limited the time course within 1 week. The myogenic differentiation of grafted cells and restored heart function were usually identified several weeks after cell injection [26] . Therefore, it would be very difficult to find the evidence of differentiation and improved heart function in the present study. However, we observed the improvement tendency in LV function after BMSC transplantation with or without laser precondition. Although LLLI precondition did not improve the heart function and the expression of muscle-specific marker of implanted BMSCs within 1 week, it enhanced the angiogenesis both in the infarcted and peri-infarcted region. The therapeutic potential of BMSCs has been partly attributed to their ability to participate in angiogenesis through paracrine mechanisms [40] . It has been demonstrated that implanted BMSCs can enhance vascular density as early as day 5 after implantation in a rat MI model [41] . 
022). At 1 week after cell transplantation, neither ␣-sarcomeric actin-nor desmin-positive immunostaining cells colocalized with DAPI-labelled nuclei were identified in the myocardium
Quantitative study for the newly formed capillaries
CD31, a glycoprotein expressed on endothelial cells, was used as a marker for quantifying newly formed capillaries
Assessment of the left ventricular function
